Field experiments were conducted in agricultural fields in which secondary wastewater of the City of Arad (Israel) is reused for irrigation. For sustainable agricultural production and safe groundwater recharge the secondary effluent is further polished by a combined two-stage membrane pilot system. The pilot membrane system consists of two main in row stages: Ultrafiltration (UF) and Reverse Osmosis (RO). The UF stage is efficient in the removal of the pathogens and suspended organic matter while the successive RO stage provides safe removal of the dissolved solids (salinity). Effluents of various qualities were applied for agricultural irrigation along with continuous monitoring of the membrane system performance. Best agricultural yields were obtained when applying effluent having minimal content of dissolved solids (after the RO stage) as compared with secondary effluent without any further treatment and extended storage.
INTRODUCTION General
Water scarcity in arid and semi-arid regions along with expanding awareness to environmental dilemmas has intensified the search for alternative sources. Adequate wastewater management is now a vital requirement not just an option. Treated domestic secondary effluent is a valuable extra water source that can be reused for diverse purposes, primarily for agriculture production, aquatic life preservation, and aquifer recharge. Groundwater enrichment with effluent is maintained primarily via Soil Aquifer Treatment (SAT) (Quanrud et al. 2003) . Secondary effluent commonly contains elevated amounts of nutrients that might bump-up eutrophication processes when disposed into lakes and streams. The contained dissolved solids might jeopardize sustainable agriculture production and the groundwater quality. Advanced wastewater treatment is required in order to maintain adequate levels of sustainable agriculture production, decelerated salinisation processes of the ground waters and to prevent long range adverse effects of gradual environmental pollution (Rebhun 2004) .
Complying with these challenging goals can be attained mostly by implementing the membrane technology (Lopez et al. 2003) .
Membrane technology for effluent polishing
Secondary effluent commonly still contains low levels of pathogens, nutrients and dissolved solids that when reused for irrigation and/or groundwater recharge on long time scales risk sustainable agriculture production and aquifers' water quality (Fane 2005) . Subject to the effluent qualities, crop pattern, soil properties and groundwater characteristics extra (advanced) treatment is required for unlimited irrigation reuse.
It can be achieved primarily by implementing the membrane technology, consisting of a combination of Ultrafiltration (UF) and Reverse Osmosis (RO) (Cote et al. 2004; Chae et al. 2005; Oron et al. 2006 Oron et al. , 2007 . The UF stage is efficient in the removal of the suspended matter, organic matter and the pathogens while the successive RO stage provides safe removal of the dissolved solids (salinity) (Cho et al. 2000) . Effluent of various qualities is applied for agricultural irrigation along with continuous monitoring of the membrane system performance.
The purpose of this work is to prove that for sustainable agriculture production and in order to prevent groundwater contamination secondary effluent should be further treated by removing most dissolved solids.
MATERAILS AND METODS

Field experiments
Field experiments were conducted in commercial agricultural fields, applying treated domestic wastewater of the City of Arad (south of Israel). Secondary effluent obtained from the Waste Stabilization Pond Treatment System (WSPTS) of the City of Arad is further polished by a combined two-stage membrane system. The WSPTS consists of two settling ponds, a facultative pond, a maturation pond, a rocky pond with porous dikes for pathogens removal, three in parallel stabilization reservoirs and a large storage reservoir (around 600,000 m 3 ). The large reservoir serves as the effluent source for irrigation of the all-adjacent agricultural commercial fields (Bick et al. 2003; Oron et al. 2006; Oron et al. 2007; Oron et al. 2008) . Secondary effluent from the WSPTS is used as the feed for the membrane pilot system. The secondary feed effluent is initially treated by a mechanical disk filter and subsequently by a UF membrane stage. The permeate of the UF stage is applied for irrigation and also as feed for Extra treatment is required for complete removal of some specific constituents such as boron.
The UF component consists of a screen filter, a circulation pump, three modules with twelve UF 8" Spiral Wound (SW) membranes, a flushing system and a chemical cleaning unit. The screen filter at the inlet to the UF membranes consists of a hollow PVC pipe with suction nozzles that face the inner side of the screen. A manual handle, connected to the suction scanner from the outside, turns the scanner so that it rotates without touching the screen surface. Opening an exhaust valve creates lowpressure conditions, which cause the scanner nozzles to suck in the dirt from the screen's surface.
The UF membrane consists of three layers: a polyester support web, a microporous polysulfone interlayer, and an ultrathin barrier coating on the top surface. Two-stage spiral wound UF membrane modules were used for irrigation and The quality of the effluent applied for irrigation is well reflected in the soil salinity (given by the Electrical Conductivity, EC) and the Sodium Absorption Ratio (SAR) and the yields (Figures 3 and 4, respectively) . The highest soil salinity was obtained for and the lowest one for the combinations of RO permeates. The highest watermelon yields were obtained for the treatments based on the use of RO permeate and the lowest ones for the conventional secondary effluent and the effluent applied directly from the open-surface reservoir.
Watermelon yield
The watermelon yields, depending on the effluent quality applied, are given in Figure 5 . As observed, maximal yields were obtained for the treatments that included a fraction of RO permeates. The lowest yield was obtained for the effluent supplied from the open-surface large reservoir (the most saline effluent). A relatively high yield was also obtained for the secondary effluent that was pumped (and applied for irrigation) directly from the stabilization (maturation) ponds: that effluent still contains high amounts of organic matter and medium level of salinity.
Secondary effluent pumped from the stabilization ponds and was treated by the UF membrane still contains medium amounts of dissolved solids (salinity) however, very low content of organic matter. Consequently, the yields of the UF permeate provides also relatively low watermelon yields.
CONCLUSIONS
Adverse effects could be identified during application of effluent of diverse qualities. Besides soil salinity and SAR, which were the lowest for the treatment based on RO, permeate, other growth parameters were affected as well.
These include the fruit's size, Brix (sugar) and acid content.
Salinity profiles in the soil emphasize the risks of aquifer contamination and salts migration due to effluent application. Applying effluent with a low content of dissolved solids is associated with low chances of groundwater salinisation and enrichment with nitrates. Efforts are therefore required to adopt advanced economic membrane technology for the dissolved solids removal from effluent.
